.
Environmental factor h e , the standard deviation of environmental factor (EFSD) sðh ei Þ and the bond energy were used to illustrate and explain the site occupancy mechanism of Eu 3+ into the host lattice.
By comparing the intensity ratios of of Eu 3+ at Ca2 (7.381) was found to be 2.5 times stronger than that of Eu 3+ at Ca1 site (2.933). 
Introduction
White LEDs have the advantages of high brightness, low energy consumption, long life, small size, no radiation, no pollution, etc. It is considered the new generation of green light sources. The two commonly used methods for implementing white LEDs are: blu-ray chip and YAG:Ce 3+ yellow phosphor combination, and near-ultraviolet LED chip combined with the trichromatic phosphor. However, the former lacks the red portion, resulting in a lower color rendering index (less than 80) and a higher color temperature (greater than 40), while the latter is less commercially available and lacks suitable red light materials. [1] [2] [3] [4] [5] [6] Therefore, nding a suitable red luminescent material and improving the color rendering index has become an important issue in the development of trichromatic white LEDs. In the rare earth family, Eu 3+ ions are widely used in various elds of luminescent materials because they have good luminescence properties and can emit red uorescence with good monochromaticity.
7-9
The luminescence of Eu 3+ derived from the 4f 6 transition consists of sharp peaks of the Eu 3+ -doped inorganic compound in the red region.
10-12
Rare earth ion-doped borate luminescent materials have high UV transparency, nonlinear characteristics, good stability and optical properties, and they are expected to become a promising uorescent material, attracting more and more research worldwide. [13] [14] [15] Among the nonlinear optical crystal materials that have been found, ultraviolet and deep ultraviolet nonlinear optical crystals that have excellent performance are almost all borate compounds. Ca 5 (BO 3 ) 3 F was rst reported by Lei et al. in 1989. The crystal was also a new type of nonlinear optical crystal. The powder doubling effect was measured to be 2-3 KDP, and the transmission range was 190-3600 nm.
16,17
There are many published papers focusing on energy transfer and color-tunability of rare earth (e.g., Bi 3+ , and the raw materials were placed in an agate mortar and ground for half an hour. The uniformly mixed raw materials were transferred to an alumina crucible, heated in a crucible calciner to 1150 C, and then kept for 4 h. Aer the sample was cooled to room temperature, it was ground into a powder to obtain the desired sample.
Material characterization
In this experiment, we used a Bruker D8 Advance X-ray diffractometer to analyze the crystal structure of the prepared phosphor with Cu Ka (l ¼ 1.54056Å) radiation and acceleration voltage of 30 kV. The scanning range was 5 to 80 degrees. The sample was detected by FLS980 uorescence spectrometer to obtain the excitation spectrum and emission spectrum. The excitation source was a 450 W Xe lamp with a slit width of 2 nm and a measured spectral range of 200 nm to 750 nm, with a resolution of 0.2 nm. The sample was tested at room temperature. The Rietveld structure renement was performed using the General Structure Analysis System (GSAS) 23 soware in order to determine the change of crystal structure. Comparing the sample diffraction pattern with the standard card, it was found that the diffraction peak data were basically consistent with the Ca 5 (BO 3 ) 3 F (ICSD-65763) card data, with a C1m1 space group and a monoclinic crystal system. There is an impurity phase, namely, Ca 3 B 2 O 6 . Fortunately, a very small amount of Ca 3 B 2 O 6 has no effect on our system. Therefore, the substitution of Eu 3+ for Ca 2+ into Ca 5 (BO 3 ) 3 F did not change the structure of the crystal. Fig. 2 shows the crystal structure of Ca 5 (BO 3 ) 3 F. There are three Ca ion coordination environments in this structure, namely, Ca1, Ca2 and Ca3. The anionic structural group of the Ca 5 (BO 3 ) 3 F crystal is a planar BO 3 group. Both Ca and the surrounding anions form a CaO 4 X 2 (X ¼ F or O) octacoordination, in which Ca(1) forms a CaO 5 F octahedron with ve O atoms and one F atom, and Ca(2) forms a distorted octahedral structure with six O atoms. Ca (3) is coordinated with two F atoms and four O atoms. These polyhedrons are connected to the BO 3 group by sharing O atoms to form a threedimensional space structure.
Results and discussion

Phase characterization and crystal analysis
The crystal structure of Ca 5 (BO 3 ) 3 F (ICSD-65763) was used as the starting model for structure renement. The Rietveld method refers to the point-by-point comparison of the calculated and measured values of the diffraction intensity of a crystal using a computer program, and the least squares method is used to adjust the parameters of the structural atoms and of the peak shape, so that the calculated peak shape is consistent with the measured peak shape. In the structural Fig. 1 belongs to the forbidden transition. However, when it is in the ten symmetry positions of C s , C 1 , C 2 , C 3 , C 4 , C 6 , C 2V , C 3V , C 4V and C 6V , 5 D 0 / 7 F 0 transition emission will occur, and the emission [28] [29] [30] The data are shown in Table 3 for the luminescent levels of Ca 5 (BO 3 ) 3 F:1% Eu 3+ upon 266 and 283 nm excitation. Since CT energy is susceptible to the central ionic environment, it can be quantitatively expressed by using environmental factors (h e ). h e consists of four chemical bond parameters: the bond volume polarization ða b m Þ, the covalency ð f c m Þ, the coordination number (C. N.) and the presented charge of the ligand ðQ B m Þ. Its calculation formula is as follows: The four chemical bond parameters, with any change, will cause a shi in the CT bands. As h e increases, the CT energy decreases, which means that the CT bands will produce a red shi. In Table 4 , we can see that the h e values of Ca1, Ca2, and Ca3 are 0.6397, 0.7439, and 0.3514, respectively. Therefore, it can be known that Eu will occupy the Ca1 and Ca2 sites, and at the same time, the O-Eu1 CT band at the Ca1 site corresponds to the peak at 266 nm and the O-Eu2 CT band at Ca2 corresponds to the position at 283 nm.
Obviously, the intensity of f-f transitions is affected by the crystal environment because of the different symmetry of the doping ions occupying the host sites. When the Eu 3+ is doped into Ca 5 (BO 3 ) 3 F, the Eu ions occupy the Ca 2+ sites, wherefore, 
where
and
The related chemical parameters of the covalency f c m , the present charge of the ligand in the binary crystals, and the polarizability of the chemical bond volume a b m are shown in Table 4 . On the basis of the eqn (2)- (4) site. Ca1 and Ca2 correspond to excitations at 283 nm and 266 nm, respectively. However, this is contrary to the conclusion drawn in Table 4 . In ideal state, the order of sðh ei Þ is in Fig. 4 ]* will receive an F, and it will eventually become a 7-coordinated environment in Fig. 4(c) . In summary, we can conclude that the Ca2 distortion degree should be greater than that of Ca1. Therefore, Ca1 and Ca2 correspond to excitations at 266 nm and 283 nm, respectively, consistent with the results obtained in Table 4 . sites, which is consistent with the environmental factor, the sðh ei Þ analysis and PL spectrum. 
Chemical bond energy calculation
E MÀO ¼ J exp d 0 À d MÀO 0:37 V N V M(5)
Conclusions
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